The spatial distribution of stomatal cells in the plant epidermis is generated by stereotyped cell divisions. Recent evidence suggests that a subtilisin-like protease is involved in controlling these cell-division patterns; it may play a role in processing a signal peptide or receptor involved in cell-to-cell communication.
The outer skin of a higher plant consists of a single layer of cells known as the epidermis. The epidermal layer is established during embryogenesis and is formed continually by cell division in meristems in the developing apices of the root and shoot. The epidermis expands by cell division and cell elongation as the plant grows. In addition to the relatively unspecialised epidermal cells, more highly differentiated cell types can be found in this tissue in both root and shoot organs. In the root epidermis, specific cells can differentiate into root hairs that play important roles in nutrient acquisition. In the aerial parts of the plant, specific epidermal cells can differentiate into either polarized hair-like structures known as trichomes or stomatal guard cells, which form bicellular pores in the leaf surface through which water and gasses can be exchanged with the atmosphere. A recent study [1] has shed new light on the mechanisms by which the nonrandom spatial pattern of stomatal cells in the plant epidermis is generated.
The correct distribution of these different epidermal cell types is obviously important for their physiological function. The relatively simple, two-dimensional patterns of cells in a single layer also present attractive systems for studying patterning mechanisms in plants generally. It has been known for some time that the distribution of specialized epidermal cells is non-random and that a minimum spacing exists between these cells [2] , but until recently the mechanisms underlying spatial patterning have been obscure. It is also clear that there are fundamental differences in the ways that different epidermal cell types arise ( Figure 1) . Whether or not a cell in the root epidermis becomes a root hair is governed by its position relative to underlying cells in the cortical layer, and while epidermal cell lineages are established during embryogenesis the fate of the epidermal cells can be manipulated by altering their position following ablation of neighbouring cells. This is thought to involve short-range signalling from cortical to epidermal cells [3] . Trichome cells in Arabidopsis leaf epidermis arise from a change in fate of single epidermal cells. A developing trichome cell is not necessarily clonally related to its surrounding cells [4] , and spacing appears to result from lateral inhibition of differentiation by existing or developing trichome cells.
Specific cell lineages thus do not appear to be involved in the production of trichomes. In contrast, Arabidopsis stomatal guard cells are produced by ordered division patterns of individual precursor (protodermal) cells, giving rise to differentiated guard cells surrounded by clonally related epidermal cells. This generates the normal pattern of guard cell distribution, in which each guard cell pair is Several external factors can influence stomatal density, defined as the stomatal index -the number of stomata relative to the total number of epidermal cells. These include humidity, the atmospheric CO 2 concentration and light. Varietal differences within a species suggest that endogenous factors also control stomatal density. Disruption of stomatal patterning, resulting in the production of guard cell pairs in direct contact without intervening epidermal cells (clustering), can be brought about by high humidity or by interfering with production of the plant hormone ethylene, suggesting that signalling may be involved in stomatal patterning.
Arabidopsis mutants, such as too many mouths (tmm) and four lips (flp), have been identified that also give rise to stomatal clustering [5] . A recent paper [1] describing a new stomatal clustering mutant, stomatal density and distribution (sdd1-1), has provided some new clues to the mechanisms controlling the cell-division patterns that lead to the differentiation of stomatal cells and their correct spacing. During stomatal development, asymmetric divisions from a single protodermal precursor cell are followed by a symmetrical division that forms the two guard cells of the stomata (Figure 2 ). Satellite stomata can form from further division of cells adjacent to a stomatal pore giving rise to secondary or, less frequently, tertiary stomatal complexes.
Rigid control of the division pattern normally ensures that stomatal pores in these complexes are separated by intervening cells. Berger and Altmann [1] found that the sdd1-1 mutant has a relatively high proportion of secondary and tertiary complexes, and even quaternary complexes, indicating that the wild-type SDD1 gene product may be a negative regulator of stomatal complex determination. These mutants also exhibit relaxed control of the pattern of cell division, whereby the division that gives rise to secondary or tertiary stomatal pairs can occur in a cell immediately adjacent to an existing stomata or simultaneously in two adjacent cells. This suggests that the SDD1 gene product is also involved in control of cell division pattern.
Map-based cloning of the SDD1 gene revealed that it encodes a 750 amino-acid protein that has clear homology to a class of serine proteases known as subtilisins or subtilases [6] . Subtilisins possess a substrate-binding site and a catalytic domain comprising three regions -D, H and S -together with an endoplasmic reticulum targetting signal sequence. The sdd1-1 mutant arises from a single recessive point mutation resulting in loss of the S region and predicted to abolish catalytic activity. Mutant plants could be rescued at least partially by complementation with the SDD gene.
Subtilisins are found in prokaryotes and eukaryotes. In prokaryotes, subtilisins are involved in protein degradation, while in eukaryotes the presence of the large P domain is associated with their roles as processing proteins. Plant subtilisins do not possess a P domain, but there is good evidence that they also have a processing role in signal transduction pathways. Thus, the active form of the extracellular plant signalling peptide known as systemin is produced from a precursor, prosystemin, by the action of SBP50, a pro-systemin-binding protein that has immunological similarities to a subtilisin [7] .
Subtilisin-like proteins may also be involved in regulation of cell-to-cell signalling in the control of plant meristem development. Thus, the CLAVATA genes have been shown to be negative regulators of meristem activity in Arabidopsis shoot development [8] . The CLAVATA genes interact with positive regulators of cell division, such as SHOOTMERISTEMLESS and WUSCHEL [9] . CLAVATA1 encodes a putative receptor kinase, CLAVATA2 encodes a proposed accessory protein and CLAVATA3 encodes a putative signalling peptide with a dibasic subtilisin recognition processing site.
Subtilisins may thus play a more general role in regulation of plant development. It is tempting to speculate that stomatal patterning involves similar peptide signals that may act over short ranges to regulate cell division and guard cell differentiation. If this turns out to be the case, then an obvious question is whether these signals emanate from the guard cells themselves to suppress the differentiation of surrounding epidermal cells. Identification of proteins that interact with the SDD1 gene product is eagerly awaited.
